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SYNOPSIS 
Modular Design of Fluorescent Cation Sensors on a Bile Acid Scaffold 
 
CHAPTER 1: 
 
INTRODUCTION: 
The research on fluorescent cation sensors has become one of the most important 
research areas for metal ion detection. The high sensitivity of fluorescence techniques is the 
key reason for designing of sensors which operate by fluorescence outputs. The change in the 
emission spectra of a fluorescent molecule upon the addition of an analyte is the effect 
desired in a sensor for that particular analyte. 
Photo-induced Electron Transfer (PET) Sensors: 
One of the most successful approaches in the area of fluorescent sensors involves photo-
induced electron transfer (PET). A typical PET sensor molecule contains “receptor” and 
“fluorophore” modules attached by a suitable linker. The receptor is responsible for the guest 
complexation/ decomplexation and the fluorophore is the site of photonic interactions which 
depends on the function of the receptor module. The spacer holds the receptor and the 
fluorophore module close, but separate from each other, and plays a critical role in the 
sensing mechanism. 
Looking at the growing interest in this field, for different possible applications, we decided to 
have a simple and general molecular structure for a variety of sensors which can eventually 
simplify future research in PET based sensing. We explored the through space PET processes 
for bile acid-based cation sensors. In this approach, appropriate known fluorophores and 
receptor units were attached on a 
suitable scaffold so that they were 
at close proximity. We have 
explored the possibility of using an 
inexpensive class of molecules as a 
scaffold. Inexpensive and naturally 
occurring bile acids were chosen 
for this purpose owing to their 
unique rigid structure with preferred orientation of the –OH functionalities.  
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CHAPTER 2: 
PET sensor in solution 
 
PART-1 
Chenodeoxycholic acid was chosen as the scaffold for designing sensor 3. A known 
fluorophore (pyrene) was attached to the 3α position and a known cation receptor (1-aza-18-
crown-6) was attached to the 7α position of chenodeoxycholic acid. A through space photo 
induced electron transfer from N-atom of the aza 18-crown-6 to the excited pyrene was 
responsible for quenching of the pyrene fluorescence. The cavity diameter of the receptor 
aza-18-crown-6 being perfect for complexing K+, a fluorescence enhancement was observed 
with the addition of K+ due to the inhibition of fluorescence quenching by PET mechanism.  
Fluorescence titration with different alkali metal ions in 20% acetonitrile/toluene 
showed an expected enhancement in 
the emission intensities. Binding 
constants of the metal ions to the 
crown ether being very high in non-
polar solvent, the sensing selectivity of 
the sensor for different cations was not 
well resolved in 20% 
acetonitrile/toluene. In order to 
enhance the selectivity in sensing, 
polar MeOH (competing solvent) was 
used for carrying out the fluorescence 
titration experiment. A K+ selective 
fluorescence enhancement in MeOH 
confirmed the phenomenon. 
 
PART-2 
Molecular structure-sensitivity 
relationship: 
In order to prove the non-
involvement of the bile acid side chain 
ester in the sensing process and to 
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check the relationship between the sensitivity and the molecular structure of the sensors, four 
different molecules with different geometries were synthesized. In all the cases the same 
geometry between the fluorophore and the receptor in the bile acid were maintained, and the 
changes in the fluorescence spectra for different sensors were recorded in MeOH. A 
systematic study with the sensors revealed that the relative enhancement of the fluorescence 
intensity, which is related to the measure of sensitivity, followed the order: 
For K+: 15>8>10>16  For Ba2+: 10>16>8>15. 
The binding constants calculated by curve fitting showed that while the binding 
constants did not significantly vary, the sensitivities were different depending on the structure 
of the sensors. 
 
Time resolved fluorescence studies: 
 Time resolved fluorescence experiments with the sensors were subsequently carried 
out to check the increase in the fluorescence lifetimes due to the inhibition of the PET process 
after the cation binding by the sensors. 
 
PART-3 
Na+ selective sensor: 
The modular nature of the sensor design was verified by changing the receptor 
module from aza-18-crown-6 to aza-15-crown-5, keeping other parts of the sensor (8) same, 
to prepare a sodium selective sensor 17 using the same principle. Fluorescence titration in 
MeOH confirmed the Na+ selective sensing in the presence of K+. 
 
PART-4 
Sensor with coumarin fluorophore: 
The modular design concept was further extended by replacing the fluorophore 
pyrene to a coumarin derivative. Compounds 21 and 22, analogous to structures of 8 and 10, 
respectively, were synthesized in order to compare the similarity of the process. Coumarin 
sensors showed a behavior similar to that of the pyrene sensors. 
 
PART-5 
Metal ion sensing in water: 
Since the metal ion detection in water is the most challenging job, it was decided to 
check the possibilities of the cation sensing in water using the sensor. As the molecule was 
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hydrophobic in nature, a non ionic surfactant, Triton X-100 was chosen to dissolve the sensor 
in water. Fluorescence titration of the sensors showed a desired selective fluorescence 
enhancement with the particular metal ions. 
 
CHAPTER 3: 
 
PART-1 
 The sensor was immobilized on a solid support using the free side chain of the bile 
acid residue. Merrifield resin was used to anchor the sensor in order to check the fluorescence 
enhancement of the polymer beads upon 
the addition of K+. Merrifield resin 
attached sensor beads showed a K+ 
selective fluorescence enhancement in 
20% acetonitrile/toluene.  
 
PART-2 
 The sensor attached to Merrifield resin bead was unable to sense K+ in polar solvent 
like MeOH due to the less swelling ability of 
the polymer beads in polar solvents. Water 
swellable Tentagel® was therefore used to 
immobilize the sensor in order to fabricate 
reusable sensor beads for detecting the metal 
ions in water. Tentagel® attached sensor 
beads were able to sense 75-90 mM K+ in 
water.  
 
PART-3 
 Control beads were prepared by attaching pyrene and aza-crown ether separately to 
Merrifield resin and Tentagel® to compare the results. 
 
PART-4 
 A Na+ selective Tentagel® attached sensor bead was also prepared by immobilizing 
aza-15-crown-5 sensor 17. The cation binding selectivity being less for aza-15-crown-5, it 
could sense Na+ only at a relatively high concentration at 500 mM in water. 
a b c 
Fluorescence microscope image of (a) Tentagel® 
attached sensor beads; (b) a + 500 mM KCl in water; 
(c) b washed with water. 
a b c d 
Fluorescence microscope image of (a) Merrifield resin 
attached sensor beads (b) a + 500 µM KClO4 in 20% 
MeCN/PhMe; (c) b washed with solvent; (d) a + 500 
µM KClO4 in MeOH. 
